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Mass Spectrometry, 



2. Ififofc §fts$a <&tf tihQ off fh& euinrent apparatus or mnetlhods raflevsntt to tOiSs Invent ieiro : 

Mass spsctromsfors are used to measure and report a value of moss to charge ratio (m/s) o? Ions. This 
value is taken to be representative of the sum of the masses of the individual atoms present in an anaDyte 
molecule plus or minus tih© rest mass of an electron, or multiple electrons, depending on the charge state 
and polarity of th© molecule when measured. Mass spectrometers commonly fcndud© a computer and 
software for processing dsts end for calculating tha tttfe value of ions. Some such data systems Include 
software for analysing the resufts of © series of mass measurements, for example, calculating the mean and 
the standard deviation of a set of mass measurements. 



3. Th© ImMw ©it cprablfcros ©ff fflte euirrQGfirt appairatos of methods relevant to this Dcifw ration: 

The accuracy of mass measurement is dependent on the type of mass analyser, th© amount of anatyt® 
material and the conditions under which a particular mass analyser Is operated. An understanding of the 
errors in mass measurement and the overall confidence in the mass assignment for an ton is useful if this 
mass assignment is to be used to Mar information about the eflernentai composition off this ion. 

Although the stste of the art mass spectrometers and associated data system are a&s© to measure mass 
with High precision and accuracy no software is provided to sutomaticsBiy estimate the accuracy of mass 
[measuifBmant to be expected for individual measurements. Without this information the valu® or worth of 
such mass measurements 6s unknown. 

Without an estimate of the accuracy of mass measurement & is not known what range of masses shoufid be 
considered when trying to calculate elemental compositions that have masses that fell within that range. 
Alternatively, it is not known what rang© of masses sOwuld be considered when trying to find a match with 
molecular masses entered In a library, for example © library of peptide masses to bQ expected from the 
digestion off a group of proteins. 



4. Tito© raraw IrcwTOttofl^^scripfttoffi m& expltorDaAfori) of tffte pirijracljpltes 5gw©0v$kSs 

The invention is th© automated computation and reporting of the expected accuracy of Individual] mass 
measurements, and describes the methods by which this computation may bs earned out. (see attached) 



S. Tim ^v^iit^ off Quo new ImraDrtton ovor flhe OToronft suppauTafcus or ime<UhOK£te 

This data system automatically provides an animate of the accuracy to ba expected for a mass 
measurement This provides limits of mass within which proposed elemental compositions must fife. TMs 
also provides a msnsure of confidence In such elemental composition assignments. It provides a means of 
restricting the range of possible elementai compositions, and guards ©gainst over restriction, thereby 
reducing tih© possibility of erroneous assignment of elemental composition. K prwMles a similar advantage 
when searching against masses In a library of masses. 
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6. A description of all known embodiments, including Drawings and a copy of any relevant 
calculations : 

See attached. 

7. Any examples (good or bad) of Results or Data from the new Invention: 



8. A list of an known literature and patents which describe apparatus or methods similar to that of 
the invention: 



9. People who made a contribution to the Invention; 
M R. Green, R.H. Bateman, J. Brown 



10. Distribution to: 
Phil Jeffrey. Steve Foster. 
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4. Tuns mew taventtiomi-gesGra'ptioini and eKplanaMort of fllhe principles involved: 

Mass spectrometers are commonly used to measure and report a value of mass to charae ratio (mJz) of an inn 

™ b ™ J. J); 2™*°°®, « nit of ^rge being equal to to® charge of an electron. Tha mass of an Jon Is thecomDined 

£E£?££!f£!^ t ^ ^ ,0n - J" 15 va!ue wi " a,so ,nc,ude * e ^ moss of an JT^T^ 60 
multiple electrons, depending on the charge and polarity of the ion when measured. 

IHir^f 18 ^ 0 ^ 288 mea8 V^ ment b de P e ndent on the scatter of measured values, and the number of 
measurement*. For a normal dlstnbution of measurements the precision may be estimated from the standard 
deviation (cr) of measurements about the mean and the number of measurements (n). The accuracy of mass 
measurement Is the difference between the mean of the mass measurements and the true mess of the tamet ion 
^Hf?';. more sccurate measuremBnfl of mfe ratio the smaller the band of uncertainty, and the more * 
restricted the range of elemental compositions for which their mass falls within this band of uncertainty. 

The accuracy of mass measurement is dependent on the type of mass analyser, the amount of analyte material 
and the oondfflone under which a particular mass analyser Is operated. An understanding] of the erora ^ mass 

STS,^ 8 T ra V C °fof n ? 10 * 8 mass ^nment for an ion Is useful If this mess^nnSJHs to 
bo used to infer information about fthe elemental compesltfon off this ion 

Many mass apectometers, in particular those employing mass analysers based on fourier transform ion cyclotron 
resonance, double focusing magnetic sectors, axial and orthogonal time of Right, and RF quadruple mass filters 
are capable of measuring mass to within a few parts por million (ppm) of the true mass. Although such mass 
spectrometers and associated data system are able to measure mass with high precision and accuracy no 
sofitwar© fe provided to automatically estimate the accuracy of mass (measurement to be axp&cted for Individual 
measurom©Tuts. WKhout GUIs information the value or worth cfi such mass measurements is unknown. However an 
understanding of fthe errors in measurement, and an estimate of confidence in th© maiss assignment tor an 
indn/feSual lon r is essential V this mass assignment is to be used to infer information about the elemental! 
composition of the Ion. 

Thia Invention is ttie automated computation and reporting of the expected accuracy of individual mass 
measurements, and the methods by which the expected mass accuracy for a mass measurement is estimated 
This estimation of mass accuracy may be used to automatically restrict the mass window used to calculate 
proposed Gflamerrtal composition. Alternatively, tha estimation of mass accuracy may be used to set the search 
window wh©n trying a© match tha measured mass to those in a library of masses. 

2, Methods of estimating mass accuracy 

To arriv© at a rspresantatiVQ value for the precision and tha accuracy of an Individual mass measurement! as 
many sources of error as possible should be estimated and these errors combined and reported with the 
measurement. 

The scurcos of ©aror involved w83h an individual mass measurement are listed below, 
a) Statistical errors. 

I. Errors dm© to ion detection statistics. 

01. Errors dm® to Insufficient sampling frequency . 

Oil. Computational] errors (For example rounding off errors). 

OU Errors recorded ^ring mass calibration. 



In ®d<058on to these sources of error there may be specific errors relating to a particular mass measurement which 
may not be quantified- If these errors are detected no reliable estimation of overall accuracy can be reported. 

b) Report excaption errors. 

erroi5 ^ OTt2 Page 3 of 14 
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I. Mass interference 

I I. Detector saturation. 

III. Errors due to instability or drift of the instrument since calibration or between calibrations. 

a} Statistical Errors 

I. Errors due to ion statistics 

Often, random error In the determination of m/z value is dominated by ion statistics. A mass spectral peak 
represents the detection of a number of ions generated in an ion source. An example of such a peak Is shown in 
Figure 1, The Y axis represents intensity, the x axis recorded mfe value. The Ion signals detected for a given m/z 
value are distributed around a mean value and fall within a defined mass envelope. The narrower this envelope of 
ion arrival the greater is the ability for the mass spectrometer to distinguish between tons differing by small m/z 
ratios. This is usually expressed as a resolution defined as, 

R- M 

M =The m/i value corresponding to the mean of the peak envelope. 

SM = The width of the envelope in mass units defined in a specific way (for example at the fun width ha if 
maximum (FWHM)). 

R = The mass resolution reported using the same definition. 

The mean of this distribution is the estimation of the m/z value for this peak. 

If the gain characteristics of the detection / amplification system are known the area of the mass spectral peak 
may be expressed In terms of absolute number of ions within the peak envelope. 

In Figure 2. the m/z scale has been divided into discrete samples. Each sample is described by an index number 
1. Each index number i is associated with a value of mass M|. For simplicity It has been assumed that the Y axis 
represents the absolute number of ions l< measured at each value of Mi, tt is also assumed that each ion detected 
gives rise to a signal of the same amplitude. 

The mean of this distribution Mm«n is given by 



Where 

i 

And N Is the total number of tons detected. 

This mean represents the measured m/z value of the peak. The peak represented in Figure 2 may be considered 
as a probability distribution with a parent population variance V of ion arrivals which can be estimated from 

v £/,(A*,-JW^) 2 
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The standand deviation a a around the mean for this parent population Is given by 

From i theoretical Statistics, if the m/S value is measured based on a single recorded ion belonging to this 
T b ^P' ^* au *K recorded for this ion will be the most likely estimate of the meaTofWstribution The 
estimated uncertainty in this single measurement is given by a u . aisunouiion. rue 



^ = 



^represents the standard deviation om the measurement of the center of a mass spectral peak with a parent 
population standard deviation of a M and containing W ions. 

The eapressions above can be related to any (peak shape however the shape of a typical mass spectral p*ak mav 
2.35 

This allows the uncertainty in the centroid determination of the peak to be expressed in terms of SM and the 
number of Ions recorded N. The expression below yellds the uncertainty in S^Z^SSmS^ unite 

- ~°* 

^T'^^T ■? 22 Ga "^ ian Polity distribution, function, approximately ©5% of measurements for a given 
SMi and M win fall within +/- &y a This spread is referred to as 0S% confidence limits. 

™fr!?^°J^5f?T the statistical limitations of peak centroid deterreinsftion in a sHu^on where 

every Ion detected gives en Identical response. 

2£K "^f^Tr^^ 5 S"? 1 ^. muW P |,er sterns to ampHfy the signal ftwn the Individual ions to ensure 
Jtecaon These multipliers Indude electron multipliers, photo multipliers, and microchannel plates In e varfety of 
configurations often used In conjunction with electronic amplification devices. Due to the statistical cnarartenSlcs 
SIlSIDi T® 88 dew,ces « iDns ofthe same m/z ratio have a response governed by a separate probability 
disWbutioni ^nctfon. When employing an analogue signal recording system (for example m Analogue to Digital 
Recorder ADC) this distribution leads to en increase in the uncertainty of trWdetermin^kToflS^mer of the 
mass spectral psak. This increase may be calculated If the distribution of Ion response is well characterised and 

Sf^K^^^^? 1380 ^ of SfTOr V^ 6 " ^'"S an Ion counting system (for example a Time to Digital 
Recorder TDC) this ewect meed not be considered. 

II Errors due flo samnriino ftftiiiBncv 

In some cases there may be OnsufBdent samples overs mass spectral peak to accurately determine Bte center 
Thiserrer should ideally be minimized, however if it is significant it should be Incorporated Into any final 
quantification off overall error. 

III ComsuMonall errors O=or aaramala roundlnn affarm^ 
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SSr^S ?! ? 9 ma5 f J? 5^ than 1/1000 of a mass unit, mill! dafton (mda), It is Important that calculations are 

P re J en ^ with a suitable number of decimal places to avoid urmec«saiTWtm^ For 
example If an Fan at m/z 50 is mass measured and the result rounded to four decimal places the possible error 
due to this rounding will be 50.0000 ± 0.00005. Expressed in pgrts per million (ppm) this is 50 ± ippm. 

IV gjrpre recorded during mass calibration. 

Calibration Involves introducing a reference compound or mixture of reference compounds, which give rise to 
mass spectral peaks tq which precisely known elemental composition and hence m/z value, can be assigned The 
measured m/z value for each of these peaks is compared to the known reference m/z values and a suitable 
ca ibraftton function or functions applied. The purpose of this calibration function Is to adjust the measured mfe 
value to be as close to possible to the theoretical mass of the reference compound. 

As long as statistical error* are low this procedure wfll compensate for any systematic errors which are present. 
Systematic errors in mass measurement are biases in the measured value, which remain the same no matter how 
many times the measurement is repeated. Any residual errors remaining after calibration may be treated as 
random errors. 

Ideally during calibration enough signal should be acquired so that statistical error due to insufficient ion numbers 
is negligible. This however may not always be possible. 

From the statistical expressions developed above It Is possible to assign a value of centroid standard deviation to 
each peak in the calibration. This may be used to apply appropriate weighting to each m/z value when fitting a 
calibration function or functions to the data.. This information may be used to predict how errors due to statistics in 
the initial calibration win affect the uncertainty in the final analyte mass measurement This is iflustrated in figure 5 r 
B ( and7. 

Figure 5 shows the un-calibrated spectum of the reference compound Perfluorotributylamine (PFTBA) acquired in 
electron impact mode using an orthogonal acceleration time of flight mass spectrometer. The mass range from 
m/z 300 - 650 is displayed. 

In this mass spectrometer m/z value is proportional to the square of the time of flight of the ions. By comparing the 
square root of the reference m/z value, to the recorded flight time, a calibration expression relating these two 
values may be generated. This basic relationship was used was used to generate a calibration based on a 3 rd 
order polynomial expression using a weighted least squares method. Figure 6 shows the residual errors after 
calibration. In figure 6 the X axis represents the calculated m/z value of the spectral peaks based on Known their 
known empirical formula. The Y axis represents the difference between the calibrated m/z values and the known 
reference m/z values after calibration has been applied. The axis is displayed in parts per million error (ppm). The 
vertical lines represent +/- 2u 9 (cy 6 = the statistical uncertainty in the peak center determination in ppm). These 
error bars represent the calculated scatter, which could be expected on the reported m/z value from repetitive 
measurements of each calibration point, within a 05% confidence limit 

Figure 7 shows a similar plot but from a much larger data set. The error bars are very small, although still present, 
and the total error is less than +/- 1 ppm over the entire range. The deviation of the calibrated results form the 
calculated result reflects a remaining element of systematic error. This error may be further reduced by employing 
a higher order polynomial expression, or alternative curve fitting method. 

Because of the variation in signal intensity it can be seen in figure 6 that the error due to statistics within the 
calibration differs for different mass regions. The errors in this case are dominated by the calculated statistical 
error on each data point 

In this specific example of calibration method for a time of flight mass spectrometer, coefficients of a third order 
polynomial of the form 



Where 

Mr*ro = The calculated m/z value of reference peak i based on the known empirical formula. 
Mmm = The m/z value of reference peak I recorded before calibration. 

have been calculated. 
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The method Involves minimizing the sum of the squared difference between the estimated m/2 values fVUtg and 
the calculated m/z value of the reference materia! weighted by the calculated statistical variance a cW * of 
each estimated measurement Where 6 is an index denoting individual points in the calibration amd N Is the total 
number off points in the calibration. This sum Is denoted by the symbol x 2 



where 



'«0 



The coefficients of the polynomial function ore adjusted to give the lowest vaflus of x 3 



The x v&lue gives m overall estimation of the 'goodness offfi' of the calibration sxpression and can be used to 
provide a cnido acceptance / rejection criteria for a gsven calibration. 

There are many oter documented goodness of fit tests which may b© performed on this type of data depsinding 
on th© number of calibration points and th© calibration approach followed. In principle other methods may be used 
for msjetftfon or acceptance of calibration 

Using the method of least squares fitting above, the variance In the calculated coefficients In the polynomial 
expression can be calculated atfong with the covariamco. This information can b@ used to calculate the variance 
and heme© standard deviation of a measurement of any m/z within th© m/z range of thns calibration. TtDis standard 
deviation may be combined with amy further statistical information to give an overall estimaQed error In a 
subsequent measurement 

AttShough desercbed for calibration using a least squauros t\ m oadsr poDynomial many otfoar calibration schemes may 
be empfoyed, such as nom-Bnear and linear regression and spUmes. These may be more suited to particular 
types of data or mass anatysers. On each case ft is possible to extract information about the predicted error at 
particular rate values based on the statistics of the individual califorant p©aks* 



b) Report exception errors. 

There are many sources of systematic error involved with mass measurement, however many of these biases are 
constant during an experiment and can be removed from the Anal! result by careful characterization of the system. 
This charaGleriserfllQn, or calikrEtion, is essential to snsur© that! th© subsequent measurement is as accurate as 
possible If a systematic <srmr Is identified and cannot be quantified no reliable estimate of overs Gi accuracy can be 
presented. The possible source of this error can however be Indicated. 

I. Mass interference 



Some sources of systematic error may not be constant during the course off a measurement or may not be 
predicted and corrected during calibration. An example of this Is unresolved mass interference. 

As an illustration Figure 3 shows a representation of a portion of a mass spectrum from mfz 49©.© to m/z 500.4* 
Pot this example the statistical error is assumed to be neglUgibDe. Two peaks are shown corresponding to two 
different chemical spados. The two peaks are assumed to have a Gaussian shape. Th© peak at lowest m/z (P1) 
has a m©an m/z value Ml . The peak at highest m/z value (P2) has a mean m/z value of The intensity of P2 is 
set to be half of the intensity of P1 . Soth P1 and P1 have a width at half height of 0.05 mass units. The mass 
resolution Is therefore 10,000 (FWHft/i definition). In this example &A1 = 500.0000, and NI2 500.1500. In this figure 
it is dear that at this m/z value a resolution of 10,000 is more than sufficient to separata F1 snd P2 and enable 
accurate determination of the mean value of the peak Wi1 and WJ2. 
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In Figure 4 The seperation between M1 and M2 has been reduced to 0.05 mass units. Mt -.600.0000 and M2 = 
500.0500. The two peaks are now dearly not resolved from each other The resultant single, asymmetrical mass 
spectral peak shown in, bold line, has a mean mlz vafue M r of 500.01 87. If PI represents an analyte Ian which is 
being measured and P2 represents an unexpected unresolved background interference ion, the measurement of 
M1 has an error E m where 

In this example E = 0,0167 da 

In terms of parts per million <ppm) E = 33.4ppm 

Mass interference effects causing systematic error can be recognized, and in some cases approximately 
quantified, by examination of the mass spectral peak shape compared to an idealized model of the expected peak 
shape at a particular mfe value. This ideal peak shape may be characterized from that of standard reference 
peaks prior to a mass measurement In some cases a Gaussian peak shape can be assumed. If the peak shape 
or width deviates beyond a preset criteria the accuracy of the mass measurement of this mfz. value will be poor. 
The extent to which this effect can be accurately quantified win depend on the sophistication of the peak detection 
algorithm employed. 



II. Detector saturation. 

Another source of systematic error can result when the signal intensity recorded exceeds the operational range of 
the signal amplification or detection device. In certain mass analysers mass measurement accuracy can be 
effected by space charge repulsion within the mass analyser itself. These effects can lead to shifts in recorded 
mte value due, for instance, to distortions in mass spectral peak shape as the intensity increases. The 
characteristics of the particular mass analyser and detection electronics utilized must be characterized prior to 
measurement, and the upper limit of the range at which an appropriate measurement of mass accuracy can be 
reported found. 



111. Errors due to Instability or drift of the instrument since calibration or between calibrations. 

An additional source of systematic error, which should be considered, can results from a change in the conditions 
under which the mass spectrometer is operating relative to those conditions existing when the system was 
calibrated. If a system parameter has changed, resulting in the calibration becoming invalid, the final mass 
measurement wiR be in error. This situation can occur, for instance, because of user intervention, failure of a 
power supply, interference from an external source of electromagnetic radiation or mass drift caused by ambient 
temperature changes. The time period which has elapsed between calibration being performed or checked, using 
a suitable reference compound and a mass measurement being reported should be monitored. The longer this 
time period becomes the less accuracy can be assigned to the final measurement Although the error on the final 
measurement may not be readily quantifiable it is important that effort is made to recogntee this situation and 
reflect a general uncertainty in accuracy with any measurement presented. 



Sources of error during mass measurement 

To determine an overall figure of accuracy for an individual measurement, possible errors (described above) 
arising at each step in the mass measurement process should be examined. 



Errors recorded in the instrument calibration procedure have been described. 



a) Internal secondary reference correction 
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22Sk-^ a i? ma *> some time before a mass measurement of an analyte is performed Due flo the 

suability of p*»er supplies to tempe^ure drift and the thermal tension o ' mSerfafa m3E foe 
construction on mass analysers H Is necessary to recognise and cornet for drift owSne 
To ensure (that any mfaordrfR In the instrument is accounted for when making a mass measurement an Internal 
mfej^ce compounc m rn introduced at the same time or within a short tlSe pBriodS^nertSlm™ 
measurement Is made. Thos not only allows the calibration session to be adjuSed for ^rw^l^T^TbS 
also provides am Internal check of the stability of the system J r * ny smaH wans<a but 

For example^ in time of flight mas$ spectrometers a single point locfc mass' correction is mad© A reference 
matenal rs flntrpdaiced m<i th® measured mfz value of a single mass spectral peak fro* TJSZJnS Slrial is 
"SE^ C l U ™ 9 th ®^*"«^ The Qrtnpirical formula and henee th£ called mfevXatf^ 

SSK™^!; 2? USE* ln ,^l 0V6ra " 9af i ? f 1,10 a*P<^on are m«de on a spectrum to spectrum 

basis, if more than one mtemal reference pe*k is present more cample* changes to the overall calibration 
expression may be incorporated including correction) for any offset drift. 

An error In the determination of the rn/z value of the Internal reference will result in a error in the mass 
measurement of the analyte. AD the sources of eiror previously described should be estimated tor the 
measurement of the Internal reference mfev@lue. 



fn teefciniquss where Hhe secondary reference material is introduced at emctly the same time as the analyte 
compound mass intefiterenea fmm background peaks or the analyse peaks may occur. In chromatographic 
techniques the analyte compound Intensity changes wRh time as a chromatographic peak elides The Internal 
reference compound, howaver. remains «t essontially constant intensity. Based on ths (Intensity and the resolution 
of the mtornal reference peak Che esfpseaad short-term scatter in the measured m/z valua for this may be 
calculated. If the mfz value of the internal reference peak changes by significantly more than th® calculated short- 
term statistical scatter ft is probable that a mass interference has occurred at the internal reference peak. This 
couSd be from mass Interference due to the ehrtion of the analyte compound or due to the elutlon of a contaminant 
compound unrelated to the analyte. Alternatively, the shift ooukO be due to an instrument parameter change 
failure of a povrer supply, or Interference from an external source of electromagnetic reaction. If this shift is ' 
greater than tho statistical scatter of the Internal reference measurement, the resultant error in the accuracy of the 
analyte peak may be estimated and Indicated. Effort must be made to differentiate between long term drift 
corrected by an interna!] reference and short term instability causing systematic nrueasuremeirtt errors. This mass 
shffi may characteristically occur in a similar time-scale to the chromatographic peak elution width. 



b. Anatvte peak measurement 

All the seurras of $teiftl$ttcal and possible sytemitic error previously described shouOd be estimated for the analyte 
peak measurement. 



In addition), using chromatographic separation techniques, commonly several mass measurements of the ahalyQe 
peak are made during ifiie chromatographic ©lution timescale. These are subsequently averaged and presented 
as © final reported mfe value. H is expected that the individual measurements across the chromatographic peak 
will have a statistical variation based upon their individual intensities. If a ssft of mass measurements from a ps&k 
from an ©luting compound has an exceptionally large spread of values (c) compared to what Is expected It may 
Indicate the presence of Interference from co-el uti ng or partially eo-eButlng compounds, in this case no reliable 
estimation of accuracy m$y Die reported. 



Combinations of oirore 

If all the calculated errors above are determined in common units, for instance mass units or parts psr million 
(ppm) in mfz value, the errors may be added in quadrature to yield an overall estimate off the eorons associated 
with a single muss measurement 
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Where a t to a n represent the standard deviations calculated for each contribution to statistical error, and a T is the 
total calculated standard deviation on the measurement of the analyte Ion m/z value. 

A description of all known embodiments, including Drawings and a copy of any relevant calculations: 

The estimated accuracy of mass measurement is recorded and presented with each m/z measurement displayed 
or listed. The figure reported represents a scatter in multiples of ± ot about the mean value. Based on a gaussian 
distribution the confidence in the measurement presented may expressed for different multiples of ± g^. The table 
below gives some common confidence limits derived from the gaussian distribution. 



Range 
Presented 


Probability of 
measurement fatting 
within the range set 


±0.5<jt 


38.29% 


! ±UT 


68.28% 




86.84% 


±2<rr 


95.43% 


±2.5ot 


98.76% 


±3or 


90.73% 




99.95% 



Generally a figure of ±2.5ar representing 98.78% confidence level la presented. 

This figure can appear as annotation within a spectrum or spectrum list and / or incorporated Into the output from 
elemental composition calculation results. 

The accuracy of the measurement may also be indicated by automatically setting the number of decimal places 
for m/z annotation that are presented by the processing software to reflect the calculated confidence limit. 

ft is important not to indicate too high a level of accuracy especially when restricting the minimum ppm widow 
used for calculation of proposed elemental composition.. Situations in which insufficient data Is available to 
calculate a meaningful estimation of the overall error in mass measurement should be determined. In the 
preferred embodiment an estimation of calculated error will only be displayed if 

• An Internal reference compound was present during the measurement or correction was made within an 
acceptable time frame. 

• The mass calibration used during the measurement was valid. Criteria defining validity of the calibration must 
be determined for an Individual mass spectrometer. These crfteria include changes to critical instrument 
parameters, which could affect calibration, or if an unacceptable time has elapsed since the calibration was 
performed, 

• The mass spectrometer was not operating outside the limits of signal saturation characteristic of the particular 
analyser or detection system employed. 

• The data is within the calibrated m/z range. 
» No mass interference was detected. 

• No unacceptable Instrument Instability was detected. 



References. 

Estimating the Precision of Exact Mass Measurements on an Orthogonal Time of flight Mass Spectrometer. 
Karl F. Blom. Anal. Chem. 2001,73,715-719 

Statistics. A Guide to the use of statistical methods In the physical sciences. R.J. Barlow. John Wiley & sons Ltd, 
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